Summary
The ODS-od/od (ODS) rat, which is a rat mutant of the Wistar strain with a hereditary defect in ascorbic acid synthesizing ability, was established by Makino and Katagiri (1) and Mizushima et al. (2). L-Gulonolactone oxidase, which catalyzes the last step of ascorbic acid biosynthesis, is lacking in this rat mutant (3, 4). We (5) have reported that the dietary addition of 300mg ascorbic acid/kg diet is enough to prevent signs of vitamin C deficiency and to achieve maximum growth in ODS rats.
It has been suggested that ascorbic acid deficiency might be a risk factor in the progress of atherosclerosis. In ascorbic acid-deficient guinea pigs (6-10) and ODS rats (11), hypercholesterolemia is caused due to the depression of bile acid syn thesis. Furthermore, we speculate that ascorbic acid deficiency may affect the distribution of lipoprotein cholesterol in serum. We (11) have reported shortly that serum level of high density lipoprotein (HDL) -cholesterol was decreased in ascorbic acid-deficient ODS rats in ad libitum feeding condition. Ascorbic acid deficiency reduces food intake in ODS rats. Therefore, serum levels of lipoprotein cholesterol might be affected by ascorbic acid deficiency via the reduction of food intake. In this study, the effect of ascorbic acid deficiency on the distribution of lipoprotein cholesterol in serum was examined in ad libitum feeding condition or pair-feeding condition. The present report shows that ascorbic acid deficiency in ODS rats causes a significant elevation of serum level of low density lipoprotein (LDL)-cholesterol both in ad libitum feeding condition and pair-feeding condition. Figure 1 shows body weight gain of rats during the 20-day course. Body weight in group B began to decrease on day 14 due to ascorbic acid deficiency. The growth rate of rats in group C was similar to that in group B. Table 2 shows the effect of ascrobic acid deficiency on body weight gain , food intake, liver weight, liver concentration of ascorbic acid, and liver concentration of cholesterol. Body weight gain, for 20 days, of rats in group B or C was lower than that in group A. Liver weight (g/100g body weight) was lower in group B or C than that in group A. A marked reduction in liver concentration of ascorbic acid was observed in group B as compared with that in group A or C. Liver concentration of cholesterol in group B was slightly but significantly higher than that in group A or C. Table 3 shows the effect of ascorbic acid deficiency on serum concentration of total, chylomicron-, VLDL-, LDL-, and HDL-cholesterol. Serum concentration of total cholesterol in group B was not different from that in group A. The concentration of serum cholesterol in group A or group B was higher than that in group C. There were no changes in the concentrations of chylomicron-or VLDL-cholesterol among these three groups. However, serum concentration of LDL-cholesterol in group B was higher than that in group A, and also higher than 2) , ascorbic acid-deficient rats (lanes 3, 4), and pair-fed control rats (lanes 5, 6). Lipoprotein-cholesterol was stained by cholesterol dehydrogenase method. (Fig.  3) .
DISCUSSION
These results demonstrates that ascorbic acid deficiency causes the elevation of serum level of LDL-cholesterol both in ad libitum feeding condition and in pair-feeding condition. The recovery of lipoprotein cholesterol during the course of ultracentrifugation in the pair-fed control was lower than that in the ad libitum control or ascorbic acid-deficient group. Even if the differences in the recovery of lipoprotein cholesterol among these groups were taken into consideration, these results indicated that serum level of LDL-cholesterol in ascorbic acid-deffcient group was higher than that in the pair-fed control. Serum concentration of total cholesterol in the control rats in pair-feeding condition was lower than that in the control group in ad libitum feeding condition. The distribution of lipoprotein cholesterol in serum was not changed remarkably between these two control groups.
It has been reported (6-9) that ascorbic acid deficiency in guinea pigs caused a marked elevation of serum cholesterol and an accumulation of cholesterol in liver due to the suppression of cholesterol biotransformation into bile acids. We (18) also observed that an acute deficiency of ascorbic acid caused the elevation of serum cholesterol and the reduction of bile acid synthesis when ODS rats were fed a cholesterol-containing diet. Although ODS rats were fed a diet without cholesterol in the present study, it is supposed that ascorbic acid deficiency might change the distribution of lipoprotein cholesterol in serum via the reduction of bile acid synthesis. In addition, ascorbic acid deficiency might affect the metabolism of lipoprotein cholesterol, mainly LDL-cholesterol, directly. Ginter and his cowork ers (19) observed that ascorbic acid deficiency lowered the catabolic rate of LDL in guinea pigs. Aulinskas et al. (20) reported that the number of LDL receptors of cultured arterial smooth muscle cell was decreased in the absence or the low concentration of ascorbic acid in the culture medium. The present results indicated that ascorbic acid dificiency increased the serum level of LDL-cholesterol but did not change remarkably the ratio of cholesterol to protein in LDL fraction. We speculate that ascorbic acid deficiency might decrease the uptake of LDL by liver and extrahepatic tissues or affect the secretion of LDL by liver. Recently, several studies have suggested that ascorbic acid deficiency in ODS rats causes atherogenic changes in serum lipids and aortic endothelial cells. Kono et at. (21, 22) reported that ascorbic acid deficiency decreased serum level of HDL-cholesterol without affecting serum activity of lecithin: cholesterol acyl transferase in ODS rats. Noguchi et al. (23) observed the abnormality of aortic endothelial cells and high level of serum lipoperoxide in ascorbic acid-deficient ODS rats.
In conclusion, this study suggested that ascorbic acid deficiency might change 
